Abstract: De Quervain's stenosing tenosynovitis (DQST) treatments include corticosteroid injection around the tendon sheath; however there is some ambiguity concerning the efficacy of this treatment. The aim of this systematic review and meta-analysis is to examine the totality of evidence relating to the use of corticosteroid injection in DQST when compared to placebo or other active treatments. A systematic literature search was conducted in July 2014. Only randomized control trials (RCTs) were included. 2 =65%] and demonstrated a statistically significant improvement in function (n=78) as measured by the DASH score and Dutch AIMS-HFF score [SMD -0.83, 95% CI: -1.54 to -0.12, p=0.02, I
BACKGROUND
De Quervains Stenosing Tenosynovitis (DQST) is a condition characterised by thickening of and by the accumulation of mucopolysaccharide in the sheath of the abductor pollicis longus and extensor pollicis brevis tendons, which cross under the extensor retinaculum in the first dorsal compartment of the wrist [1] . The extensor retinaculum is a fibrous band attached to the underlying radius which prevents bowstringing of the extensor tendons off the dorsum of the wrist. The condition takes its name from the Swiss physician de Quervain who first described a case series of five patients in 1895. Prevalence is estimated at 0.5% among men and 1.3% among women [2] .
Risk factors include repetitive or forceful manual work and pregnancy [3] . DQST is commonly considered as a work-related musculoskeletal disorder of the upper limb [4] , which in total costs the US economy an estimated $13 to $20 billion annually [5] . The differential diagnosis includes osteoarthritis of the first carpometacarpal (CMC) joint, ganglia, infectious tenosynovitis, Wartenberg's syndrome and intersection syndrome [6] . The patient typically complains of pain over the radial styloid process which is likely caused by mechanical friction as the tendon *Address correspondence to this author at the Department of Trauma and Orthopaedic Surgery, Our Lady of Lourdes Hospital, Drogheda, Ireland; Tel: +353-86-407-6779; E-mail: kennethlinton@rcsi.ie passes through its narrowed compartment. On clinical examination, there is tenderness over the radial side of the wrist and symptoms can be elicited clinically by means of Finklestein's test.
Nonsurgical modalities are the first line of treatment and include rest, ice, non-steroidal anti-inflammatory drugs, therapeutic exercise and splinting [7] . Corticosteroid injection is then the mainstay of treatment for those patients who do not respond to the above. Other described treatments include: acupuncture [8] , ozone oxygen and hyaluronic acid injections [9] , ultrasound-guided percutaneous needle tenotomy and platelet-rich plasma (PRP) injection [10] , and prolotherapy [11] . Surgery is reserved for failure of conservative modalities and involves release of the first dorsal compartment.
However there exists controversy as to the efficacy of steroid injection as a treatment for DQST. Two previous systematic reviews support the use of corticosteroid injection however the quality of studies included in the reviews was low. A pooled quantitative analysis by Richie et al. [12] in 2003 did not include any RCTs. A Cochrane systematic review in 2009 [13] identified only one RCT-consisting of 18 pregnant or lactating women randomized to either steroid injection or thumb splinting-which found steroid injection to be the most effective form of conservative treatment. However the trial was of poor methodological quality with evidence of a spectrum of bias and low patient numbers.
A number of RCTs have been published in recent years that explore the effectiveness of steroid injection as a treatment for DQST. Therefore the aim of this systematic review and meta-analysis is to examine the totality of evidence relating to the use of corticosteroid injection in DQST when compared to placebo or other active treatments.
METHODS

Definitions and Study Identification
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed to conduct this review [14] . A number of operational definitions were defined using the methods recommended by the Cochrane Handbook for Systematic Reviews of Interventions [15] . The 'population of interest' is adults with a clinical diagnosis of DQST, the 'intervention' is corticosteroid injection and the 'comparisons' are other conservative treatments or placebo injection. Outcomes of interest are those of impairment, activity limitation or participation restriction and include measures of self reported pain, functional status and global measures of improvement. Only randomised controlled trials (RCTs) are included in this review.
Literature Search
We performed a systematic search in the following databases: PubMed, EMBASE, AMED, CINAHL Science Direct, CENTRAL, and Cochrane Library. Keywords and MeSH terms included (abductor pollicis longus OR extensor pollicis brevis OR de Quervain's disease OR de Quervain tenosynovitis OR repetitive strain injury) AND (Corticosteroid OR steroid OR Betamethasone OR Hydrocortisone OR Methylprednisolone OR Triamcinolone OR injection). This search was supplemented by hand searching references of retrieved articles and searching Google Scholar. All searches were completed in July 2014 with no language or date restrictions placed on the search strings.
Study Selection
One review author (PR) identified and screened the titles and abstracts of articles retrieved through electronic searches. Two reviewers (PR and RG) independently assessed the full-text articles to identify the eligible studies for inclusion. Any disagreements were resolved through discussion between the two reviewers.
Data Extraction
Information including the authors, study setting, study population, treatment type, mode of delivery, frequency and duration of the intervention, outcome measures and followup periods were all extracted and documented for each included study. For the purposes of the meta-analysis, outcomes at baseline, post-intervention and follow-up time points were recorded. In studies with multiple comparison groups, the most relevant comparison group was chosen for analysis. The authors were contacted if further information was needed.
Methodological Quality Assessment
The methodological quality of the included studies were evaluated using the Cochrane risk of bias tool under the headings of random sequence generation, allocation concealment, blinding (participants, personnel, and outcome assessors), incomplete outcome data, selective reporting and other potential threats of validity. Two review authors (PR and NP) independently assessed the methodological quality for each included study. A study was considered to have a low risk of bias if all the criteria were met and if one or more of the criteria were not met or partially met, then the study was considered to have an unclear risk of bias. A study was considered to have a high risk of bias if one or more of the criteria were not met.
Data Synthesis and Statistical Analysis
The statistical analysis was conducted using Review In cases where the studies used different scales or instruments to assess the same outcome (i.e. activity limitation or participation restriction), the standardised mean difference (SMD) with 95% confidence interval (CI) was used as the mode of analysis. Statistical heterogeneity was measured using the I 2 statistic. We used an I 2 statistic of ≤50% as the cut-off point for acceptable heterogeneity and applied the fixed-effects model below this point. In cases where the I 2 statistic >50%, we reported the more conservative random effects model.
RESULTS
Study Identification and Selection
The process of identifying, screening and selecting relevant RCTs is displayed in the PRISMA diagram in Fig. (1). Based on the titles and abstracts screening process, six studies were selected for full-text review by the author (PR). Upon review of the full-text articles, one study was excluded as it was not a RCT and the remaining five studies were included in the review. In total, all five studies were included in the meta-analysis. Table 1 provides a summary of all the studies included in the systematic review. The included studies were published between 2002 and 2013. Studies included patients that ranged in age from 20 to 76 years. Three studies took place in orthopaedic outpatient clinic, one in a physical medicine and rehabilitation clinic and one in a general practice setting. There were 165 patients included in the review, 88 in the treatment group and 77 in the control group. Two studies compared corticosteroid injection to a thumb spica splint alone, one study compared corticosteroid injection to placebo injection of lidocaine, one study compared corticosteroid injection to a placebo injection of NaCl and one study compared corticosteroid injection to acupuncture. Follow-up of participants ranged from 1 to 17 months. Outcome measures ranged from pain assessment using the VAS or another categorical scale, clinical examination including Finklestein's test, assessment of function using the Dutch AIMS-HFF score, DASH or other criterion and assessment of treatment response using a combination of patients percieved improvement in symptoms and clinical examination including Finklestein's test. Table 2 provides an overview of the methodological quality assessment of the included studies. Overall the selected papers were of low methodological quality. There were three studies with a high risk of bias and two studies with an unclear risk of bias, no studies had a low risk of bias. Only one study clearly described random sequence generation and allocation concealment. Three of five studies failed to clearly describe blinding of participants and personnel, and blinding of outcome assessment. There was evidence for incomplete outcome reporting in three studies and selective outcome reporting in two studies respectively.
Study characteristics
Methodological Quality
META-ANALYSIS
Proportion of Participants Who Demonstrated Full Recovery
Four of the five studies recorded the proportion of participants who demonstrated full recovery post treatment. , as shown in Fig. (2) . Avci et al. [16] described full recovery as total pain relief and a negative Finklestein's test. Mehdinasab et al. [17] considered treatment successful if wrist pain, tenderness and Finkelstein's test resolved and the patient had a 90% reduction in pain score. Peters et al. [18] used a four point scale to describe direct treatment response based on consensus between physician and participant and Hadianfard et al. [19] assessed recovery according to the percentage of improvement in disability and pain status over baseline with nearly complete success of treatment described as 80% or more improvement. Pooled data from these four studies (n=142) using a random effects model indicates a significant increase in the resolution of symptoms in patients treated with corticosteroid injection [RR 2.59, 95% CI: 1.25 to 5.37, p=0.05, I
2 =62%]. However the variability of the various outcome assessments and control treatments used will contribute to the significant heterogeneity between studies.
Differences in Pain Between the Groups at First Assessment Post-Injection
Three studies (n=78) assessed mean differences in pain at first assessment post injection, as shown in Fig. (3) . Two of Fig. (3) . Differences in mean pain between the groups at first assessment post-injection. Favours Corticosteroid / Favours Control the studies assessed pain using the VAS [19, 20] and one measured severity of pain using a numerical rating scale where zero equals no pain and ten correlates with severe pain [18] . Follow-up time ranged from one week [18] to two weeks [19] . There was a significant reduction in pain with corticosteroid injection when compared to the control group with a mean difference of 2.51 cm [95% CI: -3.11 to -1.90, p=0.0003, I 2 =65%] in favour of the corticosteroid group.
Study or Subgroup
A further planned subgroup analysis using a fixed effects model of the two studies [18, 20] that compared corticosteroid injection to placebo injection (see Fig. 4 ) also showed a reduction in pain score at first assessment post injection (n=43) [mean difference -2.94 cm, 95% CI (-3.65 --2.23 cm), p=0.0003, I
2 =0%].
Differences in Disability Between the Groups at First Assessment Post-Injection
Three studies measured activity limitations and participation restrictions in the groups using the DASH questionnaire [19, 20] and the AIMS-HFF score [18] as shown in Fig. (5) . The results showed a statistically significant improvement with corticosteroid over control [SMD -0.83, 95% CI: -1.54 to 0.12, p=0.02, I
2 =48%].
DISCUSSION
Statement of Principal Findings
This meta-analysis suggests that patients who received corticosteroid injection for the treatment of DQST were statistically significantly more likely to have full resolution of their symptoms during the follow-up period [range: 6 weeks [19] to 17 months [16] . The corticosteroid group also had statistically significantly less pain and activity limitation at first follow-up post injection [range: 1 week [18] and 1 month [20] than their counterparts who received placebo injection, thumb spica splint or acupuncture.
Results in the Context of the Current Literature
The results of this meta-analysis are in keeping with the current view of the effectiveness of corticosteroid injection in the treatment of DQST. A previous review by Richie et al. [12] pooled the results of seven observational studies and reported a 83% symptom resolution rate with injection alone. These findings were significantly higher than any other treatment modality with resolution rates of 61% for injection and splint, 14% for splint alone, 0% for rest or non-steroidal anti-inflammatory drugs. A Cochrane review in 2009 [13] concluded that there was silver-level evidence for the superiority of corticosteroid injection over splintage for pain relief in DQST but also reported that this conclusion was supported by only one small RCT of poor methodological quality by Avci et al. [16] A later meta-analysis [21] comparing splinting to corticosteroid injection in two trials and the results also favoured corticosteroid injection. Mardani-Kivi et al. also studied the efficacy of corticosteroid injection alone when compared to corticosteroid injection (methylprednisolone) with thumb spica casting and reported that a combination of both were better than injection alone as regards treatment success and functional outcomes, citing success rates of 69% and 93% respectively [22] . Hajder et al. studied the efficacy of ultrasound guided injection of triamcinolone citing a success rate of 91% after up to two injections, highlighting the potential role of ultrasound in increasing injection accuracy [23] .
Goldfarb et al. studied the effect of steroid and local anaesthetic injection with and without bicarbonate finding an Fig. (4) . Subgroup analysis of the differences in mean pain between the groups at first assessment post-injection in trials that used placebo injection.
Fig. (5).
Differences in mean disability between the groups at first assessment post-injection. Favours Corticosteroid / Favours Control acidic injection preparation had no effect on the incidence of flare reaction compared to the neutral formula with bicarbonate [24] . To study the effect of an oral non-steroidal anti-inflammatory on the efficacy of steroid injection, Jirarattanaphochai et al. randomly assigned 160 patients to steroid alone or to steroid with concurrent administration of oral nimesulide, showing no benefit of oral NSAID administration [25] .
Study or Subgroup
Strengths and Weaknesses of the Study
This review evaluated the evidence in relation to the effectiveness of corticosteroid injection for DQST. Data was pooled from a broad range of studies with comparable baseline characteristics of the treatment and control groups both within and between studies (with the exception of Avci et al. [16] who had pregnant or lactating female participants only) enhancing the generalisability of the findings. Two authors independently evaluated the methodological quality of each RCT using a validated method for assessing the quality of such studies. In addition, sensitivity analyses examined the effect of important methodological variables.
However, the results of the review should be interpreted in the context of the study limitations. None of the five RCTs included in the review met all criteria of methodological quality recommended by the Cochrane Handbook. Most studies failed to adequately describe the randomization process, blind participants, personnel or outcome assessors. This affects the internal validity of the RCTs and weakens the interpretation of the findings in the broader clinical context. Additionally, there was substantial heterogeneity because of different methodologies, control groups, types of injection administered, duration of treatment, outcome measures, and follow-up time. In particular the type and dosage of steroid used in the injection varied between studies.
One study used 0.25 mL of 40 mg/mL (10 mg) methylprednisolone [16] , two studies utilized 1 mL of 40 mg/mL of methylprednisolone [17, 19] , one study used 1 mL of 10 mg/mL (10 mg) triamcinolonacetonide [18] and another study used 1 mL of 4 mg/mL (4 mg) dexamethasone [20] . Local anaesthetic was also injected with the corticosteroid in three of the studies and in two RCTs the treatment group also had concurrent splinting. The treatment received by the control group also varied with two groups receiving placebo injection of 1 mL of 0.9% NaCl [18] or 2 mL of 1% lidocaine [20] , two groups treated in thumb spica splint [16, 17] and one study using acupuncture [19] . The follow-up time also varied greatly between studies ranging from one week [18] to 17 months [16] . Therefore, the findings should be considered in the context of these limitations.
Clinical Implications and Areas for Future Research
The results of this meta-analysis highlight the efficacy of corticosteroid injection in terms of pain relief and function. Despite its limitations the results obtained from this analysis are more easily generalizable to the population as a whole than previous studies and should provide clinicians and patients alike with more confidence in choosing corticosteroid injection as the first line treatment in severe cases of DQST. Other conservative treatments can be considered in early or mild cases with surgery reserved for cases that the fail to resolve following injection.
Further larger, multi-centre, methodologically robust RCTs are needed to examine the optimum dose of different injection constituents in terms of steroid type, strength of dose, types and doses of added local anaesthetic agents and combinations of injection with or without concurrent splinting. Standardized diagnostic criteria, such as those in the de Quervains screening tool developed by Batteson et al. [26] , would also serve to aid recruitment of a homogenous patient cohort to future studies. Uniform outcome measures across future studies would also aid analysis including measures of function improvement. Longer term follow-up of patients in studies and a description of the natural history of DQST would also increase the validity of future studies [13] .
CONCLUSION
This review confirms that corticosteroid injection results in an increase in the resolution of symptoms, increased pain relief and increase in function when compared to other active and placebo controls. Further larger, multi-centre RCTs are required to examine the optimal type and dose of steroid in such injections.
